Experiments at Cambridge have shown that undernutrition during the early period of growth of calves will result in a reduction in size of the mature animal even if a high level of feeding is subsequently given, whereas a similar period of undernutrition in the 2-year-old animal, which was well fed as a calf, has much less effect on the mature size (Brookes and Vincett, 1950) . The slower maturing zebu (Bos indicus) variety of cattle, which is bred in South Africa, appears to be less affected in their mature size by undernutrition when calves. These findings justify making a fairly obvious hypothesis that undernutrition may influence the mature size of an animal according to the age at which it occurs -the greatest effect being at the period of maximum growth-and by its duration relative to the total period of growth.
When applied to human nutrition, this concept suggests that undernutrition during infancy might result in some reduction in the adult body size, but seeing that growth continues for 18 years, providing subsequent nutrition is good, the effect should be limited. There is, however, a notable exception, that is the brain. The first two years of life are not only the period of maximum growth-70% of the adult brain weight is reached by the end of the first year-but also they constitute almost the entire period of brain growth (Fig. 1) . The interesting possibility arises that undernutrition during infancy may result in failure of the brain to achieve its full potential in size, and it is not unreasonable to suppose that this may also predispose to inhibition of optimum intellectual and personality development.
To test this hypothesis, a group of infants was selected who, solely due to undernutrition, were grossly underweight when they were first seen. They were matched with an adequately nourished control group from an approximately similar socio-economic background. A comparative longitudinal study of head circumference, and physical and intellectual development of the two groups is reported. It was not possible to assess personalities of the mothers and children.
Method Over a period of five years, two groups, each of 21 Cape Coloured children, were collected. Eighteen of each group were between the ages of 10 months and 2 years, the remaining three between 2 and 3 years. They were followed up for periods of from two to seven years, from June 1955 to March 1962. Initially, none of the children showed clinical evidence of organic disease apart from gastro-enteritis, and this responded to treatment. Their chest radiographs, Mantoux tests and Wassermann reactions were all negative. The essential difference between the two groups was in their state of nutrition.
The undernourished group consisted of II girls and 10 boys. When first seen, the mean weight of 14 of them who were between the ages of 10 and 16 months was I1 lb. 8 oz' (5-21 kg.); the remainder weighed less than 18 lb. (8-16 kg.) . All the children fell well below the 2-5 percentile of the average weight for Cape Coloured children of their age (Robertson, 1961) .
The children in the control group were matched with the undernourished children on a basis of age and sex. They attended an all-day nursery-cum-creche, while both parents were in full employment. At the creche they received adequate meals and vitamin supplements. The average weight of this group at 1 year of age was 18 lb. (8-16 kg.) , with a range of 15 lb. 10 oz. (7-08 kg.) to 20 lb. 14 oz. (9-46 kg.). Their mean weight fell at the 10th percentile of the average weight of Cape Coloured children of this age.
The undernourished children were examined originally at about I year of age and subsequently at six-to 12-monthly intervals. An attempt was made to see each matched control child at the corresponding age. At each examination, height, weight and head circumference were measured. It has been assumed that head Up to the age of 2 years, the intelligence quotient (I.Q.) was estimated using Gesell and Amatruda's Infant Scales of Mental Development (1947) . From 2 to 6 years the Merrill-Palmer Test was used (Stutsman, 1948) . This test, translated into Afrikaans, has been found to be the most suitable for use among Cape Coloured pre-school children (Grover, 1952; Botha, 1952) . After the age of 6 years, the Individual Scale of the National Bureau of Education Research of South Africa (Fick, 1939) , which is based on the 1916 Stanford Revision of the Binet-Simon Intelligence Scale, was used.
The head circumference of the parents of both groups was measured. Their intellectual capacity was also assessed using Raven's Standard Progressive Matrices (Raven, 1956 ). Raven's Matrices which has a general intelligence factor ('g') saturation of 0-82 was selected because it provides an index of intellectual capacity whatever the nationality, education or literacy of the individual. The socio-economic and educational status of each family was noted.
Results In all the graphs the measurements of boys and girls have been combined, because the only available standards for comparison with the Cape Coloured children under 6 years do not distinguish between the sexes. Head Circumferences. In Fig. 2 the average head circumferences of boys and girls of the undernourished group and the control group are compared with the mean for American children (Holt and McIntosh, 1953) points. This is statistically significant (t = 7-6, p <0'01).
Weights. In Fig. 4 is shown the average weight of boys and girls of the undernourished group, the control group and the 50th percentile for Cape Coloured children at the various age levels. The marked difference between the mean weights of the undernourished and control groups at the start of the trial can be seen to be lessening as the children grow older. At the final weighing the difference between the mean weights of the two groups is 5-23 lb. (2 35 kg.). This is statistically significant (t = 2-44, p <0 05 >0 01). The extent of this difference is partly accounted for by some of the children still being in the lower age-groups.
Heights. In Fig. 5 percentile were given a percentile rank of 25. On this basis there is no statistical difference between the two-groups. As a further check the raw scores of the two groups have been compared and this, too, is not significantly different (Table) . :rol children development was impossible to assess in this study.
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Reviews of the literature on the relation between must suffer. In this investigation the efficiency of undernutrition and intellectual development make the mother in caring for her child was an important no reference to children under 2 years of age. point of difference in the environment of the two Kugelmass, Poull and Samuel (1944) studied groups groups of children. The mothers of the under-of undernourished children who were over 2 years:Lnourished children were more inclined to be negli-they found that improvement in diet was followed gent, apathetic and irresponsible. This was shown by an improvement in the I.Q. of undernourished by the high illegitimacy rate, the persistent failure normal children by 18 points. Their finding that to take advantage of welfare facilities and the high the earlier the age at which nutritional therapy was mortality rate of their children.
instituted the better the rise in the I.Q., and that A number of criticisms can be directed at this after the age of 4 the rise was insignificant, has study. There is the possibility of some organic implications that are in keeping with the findings of brain disease being present in the undernourished this series. A conclusion generally expressed has infants. These children differed from those in been that children of superior or good average whom a small head circumference and cortical intelligence can withstand severe and prolonged atrophy were associated with failure to thrive undernutrition without intellectual impairment. (Smythe and Bouchier, 1960) in that they rapidly Emphasis has been laid on the effect of lessened gained weight on receiving a hospital diet, and none energy, inability to concentrate and early fatigue of them showed any clinical evidence of disease due to malnutrition on intellectual accomplishof the central nervous system. It seemed justifiable ments. A similar effect on children of lower to do air encephalograms to exclude cortical intelligence may cause them to appear subnormal, atrophy, but when the first two cases were found to but as soon as the underfeeding is corrected the be normal, no further studies were made. It could children rapidly make up lost ground. Only with be that, in selecting infants of abnormally low weight, excessively severe and prolonged malnutrition can a number of congenital microcephalics were included. the astonishing powers of resistance of the central Had this been so, it is surprising how constant was nervous system be overcome and permanent the subsequent finding of a background of nutri-intellectual damage result (Tredgold, 1956; Blanton, tional Recently McCance (1962) has stressed the imporThe question of bias also arises when the tester tance of the time and the duration of malnutrition is personally aware and interested in the outcome on growth in animals. Jackson and Stewart (1920) of the tests. Ideally, this investigation should have found that the weight of the brain and nervous been conducted along the lines of a 'blind' study, system of rats was subnormal if stunting of growth but for practical purposes this was impossible. It due to undernutrition was severe and begun at an was felt that all the children had to be tested by the early age. Cowley and Griesel (1959, 1962) have same examiner and this made it even less practical found that the first filial generation born of rats to obtain the services of a disinterested person. maintained on a low protein diet have a lowered An error arising from the original selection of the learning ability, and that both prenatal and postchildren seems the more likely cause of reaching an natal nutritional factors may play a part. While these findings are relevant, some hesitancy is justified in comparing the results of experiments on lower animals with humans especially in regard to functioning of the central nervous system.
In conclusion, although these findings do not provide proof they are certainly suggestive that severe and prolonged undernutrition during infancy can permanently retard brain growth and intellectual development and, if confirmed, they add much emphasis and urgency to the need for good nutrition at this age.
Summary Nutritional experiments on calves suggest that the effect of undernutrition on mature size is most marked if it occurs during the period of maximum growth, and also according to its duration relative to the total period of growth. When applied to human nutrition, this concept suggested that undernutrition during infancy might have its greatest effect on growth of the brain. Retardation of intellectual capacity is a likely consequence. This study, in which a group of Cape Coloured children who were grossly undernourished during the first year of life was compared with a matched control group, supports this hypothesis. Both brain growth, as reflected by head circumference, and the I.Q. of the undernourished group were significantly lower than in the control group; and there was no improvement during the period of up to seven years during which they were followed.
